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http://dx.doi.org/10.1016/j.fjs.2013.Summary Purpose: Timely trauma care is crucial, especially for severely injured patients.
We developed a set of criteria based on physiological changes, anatomic regions injured,
and trauma mechanisms in our hospital to identify these patients. This study was performed
to examine whether or not our revised activation protocol was strictly followed, and to identify
areas of deficiency for ongoing quality improvement. The impact of the activation protocol on
clinical outcome was also examined.
Methods: We reviewed demographic data, mechanisms of injury, trauma scores, and outcome
for all trauma patients admitted to a Level I trauma center in southern Taiwan between
October 2010 and October 2011. All trauma protocol activation (TPA) decisions were subjected
to careful scrutiny. Clinical outcomes for TPA patients and for non-TPA patients who fulfilled
the activation criteria were compared. We also analyzed data for patients who did not meet
our activation criteria but were found on subsequent work-up to have an Injury Severity Score
(ISS) 16.
Results: During Phase I of the study there were 2988 trauma admissions. The overall accuracy
for TPA was 95.9%. Among 281 TPA patients, only 181 (64.4%) fulfilled the activation criteria.
Among 204 patients who met the activation criteria, the protocol was not activated for 23
(11.3%). After we redesigned the computer program to prompt triage nurses and re-
educated healthcare personnel, the false TPA and non-TPA rates improved to 14.6% and
2.8%, respectively, during Phase II of the study. There were 187 patients who did not meet
our activation criteria and had ISS  16. TPA patients had a significantly lower Glasgow Coma
Scale (GCS) score and were more likely to be admitted to the intensive care unit than non-TPAclare that they have no financial or non-financial conflicts of interest related to the subject matter or
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196 C.-J. Lo et al.patients. However, there were no significant differences in ISS, mortality, or admission days.
Some 120 patients had a significant brain injury (Abbreviated Injury ScaleeHead 2) and only
76% of them presented with signs or symptoms suggesting head trauma. These patients were
older and had a lower ISS compared to brain-injured TPA patients.
Conclusion: The study shows that our TPA criteria are easy to follow and have a high accuracy
rate. For patients with ISS 16 who did not meet our TPA criteria, escape was mainly due to
head trauma. Additional factors besides GCS scores should be incorporated in the protocol to
identify patients with significant head trauma.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.Table 1 Comparison of the original and revised protocol
activation criteria used to initiate a trauma code.
Original criteria Revised criteria
Glasgow Coma Scale score 13 Glasgow Coma Scale
score 13
Systolic blood pressure 90
mmHg
Systolic blood
pressure 90 mmHg
Respiratory rate 30 or 10
breaths/min
Fall 6 m
Fall 6 m Gunshot wound to
the head, neck, chest,
or abdomen
Gunshot wound to the head,
neck, chest, or abdomen
Complex pelvic fracture
Trauma to multiple body regions
Ejection from a car or a death
in the same vehicle1. Introduction
In the first four decades of life, trauma is the leading cause
of death and disability in most countries. Total annual
trauma-related costs in terms of wage losses, medical ex-
penses, insurance administration, and indirect work losses,
as well as emotional costs, impose an overwhelming burden
on family members and the general community.1 Trauma is
a complicated surgical disease that requires timely,
specialized, and team-approached care. Many clinical
studies have shown that severely injured patients have the
best outcome at designated trauma centers, where overall
trauma care from the accident scene to in-hospital care,
and even to rehabilitation, is well orchestrated.2 However,
establishment of such a system requires extensive financial
resources and cooperation between hospitals. In addition,
the unpredictable nature of trauma care may generate
increasing demands for various hospital services, and can
thus potentially disrupt other programs in the hospital.
Furthermore, the different trauma patient populations,
injury patterns, and distinctive cultures and customs in
Taiwan prevent the adoption of established foreign trauma
systems.3
Therefore, with the aim of establishing an efficient and
effective center for treating severely injured patients in
our hospital, we revised a set of in-hospital triage criteria
for activation of a trauma team to provide timely care for
trauma patients. This study was performed to examine
whether our revised trauma activation protocol (TPA) was
strictly followed and to identify areas for performance
improvement. In addition, we compared the clinical
outcome for TPA patients and non-TPA patients for whom
the protocol should have been activated. Data were also
examined for patients who were seriously injured but
escaped TPA on arrival.
2. Materials and methods
Kaohsiung Chang Gung Memorial Hospital (KCGMH) is a
Level I trauma center in Kaohsiung City in southern Taiwan.
Approximately 2.8 million people live in Kaohsiung City and
KCGMH serves as both a primary healthcare institution and
a major referral center for patients from hospitals in the
city and surrounding counties. Critically injured patients
are either transported directly from the scene to KCGMH by
the emergency medical service (EMS) or transferred from
other hospitals after initial care there. KCGMH is equipped
with modern diagnostic tools. An angiography suite andoperating rooms are open 24 hours a day. The care team for
trauma patients consists of a board-certified trauma sur-
geon, two middle-level surgical residents, and two medical
students or post-graduate year 1 trainees on site. Full-time
consultants for all the surgical subspecialties are available
in house for immediate assistance.
We revised a set of criteria for TPA to include (1) Glas-
gow Coma Scale (GCS) score 13, (2) systolic blood pres-
sure (BP) 90 mmHg, (3) fall of more than 6 m in height,
and (4) head, neck, or torso gunshot wound (Table 1). When
an injured patient meets the TPA criteria, the triage nurse
should initiate a trauma code. The surgeon in charge of
trauma care can also activate a trauma code if it is felt
necessary. Once a trauma code is activated, the patient is
brought to a designated trauma bay area and cared for by a
team according to Advanced Trauma Life Support (ATLS)
principles. All the consultants required are alerted and they
are expected to present in the emergency room (ER) within
30 minutes. Trauma patients take priority over other ER
patients for portable X-ray examinations or CT scans.
We reviewed all demographic data, mechanisms of
injury, trauma scores, and outcome for all trauma patients
admitted to our hospital between October 2010 and
October 2011. The study period was divided into two pha-
ses. All TPA events were subjected to careful scrutiny to
determine whether the activation was appropriate. We
categorized activations that did not meet any of the TPA
Table 3 Comparison of parameters for TPA patients and
patients fulfilling at least one criterion but not designated
TPA between October 2010 and October 2011.
Parameter Trauma protocol activation p
Yes (n Z 213) No (n Z 15)
Age (y) 46  21 51.9  23.55 0.054
Sex (n, male:female) 155:58 12:3 0.540
Glasgow Coma 9.0  4.0 13.0  4.0 <0.001
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have taken place as no activation (NA). We also compared
patients who did not meet our TPA criteria and were found
on subsequent work-up to have an Injury Severity Score
(ISS) 16 to TPA patients with ISS 16 in terms of injury
severity and clinical outcome.
Data are expressed as mean  SD. Comparisons among
groups were performed using analysis of variance or a
Student t test for parametric data and a c2 test for cate-
gorical data. Significance was set to a value of p < 0.05.Scale score
Systolic blood
pressure (mmHg)
135  46 128  43 0.549
Injury Severity Score 25  12 23  8 0.607
Length of stay (d) 19  16 22  17 0.423
Ward: intensive
care unit (n)
10:203 5:10 <0.001
Mortality (%) 17.8 13.3 0.6573. Results
During the first 10 months of the study period between
October 1, 2010, and July 31, 2011 (Phase I), there were
2988 trauma admissions for which 281 trauma codes were
activated. Of these, 181 (64.4%) patients were designated
TPA according to the protocol and 100 did not meet the
criteria for activation. The most common reason for TPA
was GCS score 13, followed by systolic BP 90 mmHg. In
comparison, among 204 patients who fulfilled at least one
TPA criterion, 23 (11.3%) were not designated TPA. Thus,
the TPA accuracy during Phase I was 95.9% (Table 2). Sub-
sequent analysis for these 23 patients not designated TPA
revealed that 12 patients had a GCS score of 13, one patient
had systolic BP of 90 mmHg, nine patients had an injury
resulting from a fall of >6 m, and one patient had sustained
a gunshot wound to the torso that was missed on arrival.
To improve TPA accuracy, we redesigned the computer
program to prompt triage nurses to initiate a trauma code
when abnormal GCS and BP data were entered into the
hospital computer. We also educated all medical personnel
to improve familiarity with the TPA criteria and appropriate
evaluation of trauma mechanisms within the scope of
quality management. During the next 3 months, between
August 2011 and October 2011 (Phase II), the NA rate
decreased from 11.3% to 2.8%. The FA rate also decreased
from 35.6% to 14.6% (Table 2).
We next compared TPA patients to patients who should
have been designated TPA. As shown in Table 3, TPA pa-
tients had significantly lower GCS scores and were more
likely to be admitted to the intensive care unit (ICU). Both
groups had similar age and sex distributions, systolic BP on
arrival at the ER, ISS, mortality rate, and length of stay.
We examined the data for patients who were later found
to have ISS  16 but did not initially meet our TPA criteria
on arrival to the ER. The most common causes were
motorcycle crashes and ground floor falls, accounting forTable 2 Evaluation of trauma protocol activation between Octo
October 2011 (Phase II).
Phase I (n Z 2988)
Protocol activated Protocol not
Criteria met (n) 181 23
Criteria not met (n) 100 2684
False-positive rate (%) 35.6
False-negative rate (%) 11.3
Accuracy (%) 95.973% of the injuries. The distribution of injured body regions
is shown in Fig. 1. Some 135 (72%) patients had a significant
head injury with AISeHead 2. Among these patients,
23.7% (32/135) had no complaints on arrival to suggest head
trauma and the remaining 103 patients had at least one
symptom among headache, dizziness, vomiting, and loss of
consciousness.4
We compared the outcome for brain injured patients
between TPA and non-TPA groups. TPA patients were
significantly younger (46.7  21.5 years vs. 51.9  23.6
years, p < 0.05) but the sex distribution was similar be-
tween the two groups. In addition, ISS, AISeHead scores,
and overall mortality rate were significantly higher for TPA
patients (Table 4).
4. Discussion
Emergency care for trauma patients in Taiwan follows the
same pattern as for other disease entities. The EMS is still in
its infancy and care provided at the scene is quite limited.
There are also scarce on-line supports for EMS personnel.
Severely injured patients are frequently transported to
nearby hospitals even if the receiving hospital might not
have adequate facilities or personnel to care for them. In
addition, many patients with minor trauma are transported
by the EMS or private vehicles to trauma centers, which can
potentially disrupt the care of severely injured patients. On
arrival, trauma patients are first examined and managed byber 2010 and July 2011 (Phase I) and between August 2011 and
Phase II (n Z 891)
activated Protocol activated Protocol not activated
70 2
12 807
14.6
2.8
98.4
Figure 1 Distribution of Abbreviated Injury Scale (AIS) scores for body regions injured among 187 admitted patients who escaped
the trauma activation protocol and had Injury Severity Score 16.
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are then arranged when necessary. This trauma care
pattern cannot provide a continuum of care, and potential
delays in care may occur at each step between the accident
scene to the hospital and transfer between hospitals.
Clearly, the trauma care system in Taiwan is inadequate
and should be further developed to improve the outcome
for trauma patients.2,5,6
As a designated Level I trauma center providing care for
severely injured patients, our hospital infrastructure in-
cludes a trauma and emergency surgery division under the
department of surgery. Trauma surgeons are responsible for
all injured patients (major and minor trauma) presenting toTable 4 Comparison of parameters for patients with
Abbreviated Injury Scale (AIS)eHead score 2 with and
without trauma protocol activation.
Parameter Trauma protocol activation p
Yes (n Z 180) No (n Z 135)
Age (y) 46.7  21.53 51.9  23.55 0.041
Sex (male:
female)
85:50 129:51 Not
significant
AIS (Head)
Mean 4.11  0.71 3.87  0.53 0.023
2 5 5
3 15 14
4 121 110
5 33 6
6 6 0
Length of
stay (d)
17.2  14.3 14.1  13.1 Not
significant
Mortality (%) 19.5 2.2 <0.05the ER and during subsequent in-hospital care, including
surgery and ICU management. Trauma surgeons in our
hospital take ER shifts and see all trauma patients the
moment they arrive, which eliminates any unnecessary
delay if a surgical consult is required. We therefore used a
set of in-hospital trauma response criteria for early iden-
tification of trauma patients and prompt mobilization of
hospital resources. The original set of criteria was devel-
oped from published triage criteria.7 However, since the
protocol was first implemented, there have been diffi-
culties in correct TPA designation by triage nurses because
of incomplete trauma history and physical examinations.
The revised protocol has only four criteria based on
physiological changes, anatomic regions injured, and
trauma mechanisms. They are easy to follow and inter-
personal observations should be in good agreement. It is
important to use clear and simple criteria for triage nurses
to decide whether a trauma code should be initiated. In
Taiwan, hospitals constantly face nursing shortages. To
maximize nursing supports, nurses are frequently assigned
to different patient care duties, including the triage sta-
tion, after only a short orientation period. We believe that
using the simplified criteria, even new triage nurses should
be able to evaluate trauma patients and decide whether to
initiate a trauma code or not following a brief period of
supervision. This study was therefore performed to assess
whether our revised protocol was strictly followed and to
identify areas of deficiency for ongoing quality improve-
ment. The impact of the protocol on clinical outcome for
trauma patients was also examined.
During Phase I of the study, the overall accuracy was
95.9%, with a false-positive rate of 35.6% and a false-
negative rate of 11.3%. It is not known what the appropriate
overtriage rate for in-hospital trauma code activation
should be. The overtriage rate for patients from the field to
trauma centers can be as high as 25e50%.8 Although
In-hospital trauma activation protocol 199overtriage usually does not have significant adverse con-
sequences, it does waste human resources and increases
hospital costs. Common reasons for false TPA in our study
were bleeding wounds, crush injuries to the hand, and an
open fracture of the extremities. During Phase I of the
study, a trauma code was not activated for more than 11%
of trauma patients. This high rate of undertriage can be a
serious medical problem and can potentially result in
adverse outcomes due to unnecessary delays in care. The
most common reason for undertriage appeared to be an
inability to activate the trauma protocol when an abnormal
parameter was entered into the ER computer system. In
view of these protocol violations, we assembled a task
force of trauma quality assurance personnel to critically
examine where the deficits were. All failures to activate
the trauma protocol were treated as sentinel events and
were corrected as such. In addition, the computer program
was redesigned to prompt triage nurses when abnormal
parameters are entered. These efforts significantly reduced
the undertriage rate from 11.3% to 2.8% and the overtriage
rate from 35.6% to 14.6% during Phase II of the study.
Next we investigated whether the revised protocol would
have a positive impact on the clinical outcome for these
patients. We compared TPA and non-TPA patients. As shown
in Table 3, TPA patients had significantly lower GCS scores
and were more likely to be admitted to the ICU. However,
other clinical outcome measures, including mortality, ISS,
and length of stay, were similar between TPA and non-TPA
patients. These findings have to be viewed with caution
sincewe have trauma surgeons working in the ER to promptly
care for patients with major trauma immediately on their
arrival. When a trauma code is activated, an additional sur-
geonarrives in ER to offer assistance.Webelieve that our set-
up is the reason no difference in clinical outcome was
observed between TPA and non-TPA patients.
Among 187 non-TPA patients with ISS 16, almost two-
thirds had a significant head injury, but close to 25% did not
have any signs or symptoms suggesting head trauma. Simi-
larly, patients who were found to have significant thoracic
or abdominal injuries were hemodynamically stable on
arrival and their injuries were detected by subsequent
radiographic examinations. The overall mortality for these
patients was 2.2%, all due to brain injury. We then
compared TPA and non-TPA groups for patients with ISS 16
and AISeHead 2. TPA patients had more severe injuries
and the in-hospital mortality was higher (Table 4).
Taken together, our findings that a proportion of trauma
patients with near-normal GCS score have significant head
trauma that is likely to be missed on presentation are
clinically important. This indicates that physicians should
work up all trauma patients with the same degree of
alertness, irrespective of TPA. Head trauma is a dynamic
process and frequent examinations of such patients arenecessary; the liberal use of brain CT scans at our trauma
center appears to be justified.9 Our results indicate that
additional factors besides GCS score should be incorporated
in the protocol to identify such patients. Further studies are
required to determine whether additional factors for TPA
would increase the total number of patients with trivial
injury included and thus waste precious medical resources.5. Conclusion
We identified several areas for improvement in our TPA.
Redesign of a computer program to automatically prompt
healthcare personnel to activate the trauma team and
education of triage nurses and doctors to provide a better
understanding of trauma mechanisms improved the acti-
vation accuracy rate. For patients with major trauma who
did not meet our TPA criteria, escape was mainly due to
head trauma. Other factors in addition to GCS appear to be
necessary for early identification of these patients.References
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